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OPENING AND CLOSING DEVICE AND ELECTRONIC EQUIPMENT 

USING THE SAME 

FIELD OF THE INVENTION 

5 The present invention relates to an opening and closing device 

for use in various kinds of electronic equipment, e.g. a portable 
telephone and small personal computer. It also relates to electronic 
equipment using the opening and closing device. 

BACKGROUND OF THE INVENTION 

As various kinds of electronic equipment, e.g. a portable 
telephone and small personal computer, has had more advanced or 
diversified functions in recent years, there is an increasing number of 
so-called folding type equipment in which a movable housing is 
attached to a fix housing of the equipment so that the movable housing 
can be opened and closed with respect to the fix housing. An opening 
and closing device for use in this type of equipment also requires that 
the opening and closing position should be securely held. Japanese 
Patent Unexamined Publication No. 2002-89542 discloses an example 
of those devices. 

However, there has been no comparative opening and closing 
device that can satisfy comfortable opening and closing operations and 
secure opening and closing states at the same time. 

25 SUMMARY OF THE INVENTION 

An opening and closing device of the present invention is 
structured so that an inclined plane is formed at the tip of each of 
rotor cams and inclined planes are formed in specific positions of each 
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of stator cams. Hence, in an opening state or closing state, the 
inclined planes provided in the specific positions of each stator cam to 
be in resilient contact with the corresponding rotor cam are in 
resilient contact with the inclined plane provided at the tip of the 
5 rotor cam. This can securely hold the state. Additionally, the 
inclined planes are formed only in the specific positions. For this 
reason, once the area in which the inclined planes are in resilient 
contact with each other is passed in the operation of the opening and 
closing device, a nimble feel of operation can be obtained. 
10 Additional objects and advantages of the present invention will 

be apparent from the following detailed description of preferred 
embodiments thereof, which are best understood with reference to the 
accompanying drawings. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of an opening and closing device in 
accordance with an exemplary embodiment of the present invention. 

Fig. 2 is an exploded perspective view of the opening and closing 
device in accordance with the exemplary embodiment of the present 
20 invention. 

Figs. 3A through 3C are sectional views of an essential part of 
the opening and closing device in accordance with the exemplary 
embodiment of the present invention for illustrating the operation 
thereof. 

25 Figs. 4A through 4C are sectional views of an essential part of 

the opening and closing device in accordance with the exemplary 
embodiment of the present invention for illustrating the operation 
thereof. 
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Fig. 5 is a perspective view of an essential part of the opening 
and closing device in accordance with the exemplary embodiment of 
the present invention. 

Fig. 6 is a perspective view of electronic equipment in 
5 accordance with the exemplary embodiment of the present invention. 

Fig. 7 is a sectional view of a comparative opening and closing 
device. 

Fig. 8 is an exploded perspective view of the comparative 
opening and closing device. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

A description is provided of a comparative opening and closing 
device and electronic equipment using the device, with reference to 
Figs. 6 through 8. In the sectional view of these drawings, the radial 

15 direction is enlarged to facilitate understanding of the relation 
between a stator cam and rotor cam. 

As shown in Figs. 7 and 8, substantially cylindrical stator 1 
having a hollow part in the center thereof has stator cams 2. Each 
stator cam 2 has projecting top portion 2A formed along the outer 

20 periphery of the right side face thereof, and two tilting portions 2B 
and 2C extending laterally from projecting top portion 2A. 

Substantially cylindrical rotor 3 rotatably disposed with respect 
to stator 1 in opening and closing directions has rotor cams 4 along the 
outer periphery of the left side face thereof, i.e. the face opposed to 

25 stator cams 2. Between substantially disk-shaped cover 5 and stator 
3, coil-shaped spring 6 is installed in substantially a contracted state. 
Spring 6 brings the tips of rotor cams 4 into resilient contact with 
tilting portions 2B of stator cams 2. 
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Stator 1 is fixed to the left end of substantially columnar fix 
shaft 7. The right end of the fix shaft is engaged with cover 5, with 
the fix shaft passing through the hollow part of rotor 3 and spring 6. 

From hole 8A at the left end of substantially tubular rotary case 
5 8, fixed part 1A of stator 1 rotatably projects. Into grooves 8B along 
the inner periphery of rotary case 8, protrusions 3A on rotor 3 are 
inserted. Thus, rotor 3 is accommodated in rotary case 8 to be 
movable in the axial direction. 

Cover 5 covers an opening at the right end of rotary case 8. 
10 Rotor 1, stator 3, spring 6 and other components are accommodated in 
rotary case 8. Thus, opening and closing device 10 is structured. 

An example of so structured opening and closing device 10 for 
use in portable telephone 60 is shown in Fig. 6. Fixed part 1A is fixed 
to fix housing 12 that has operating part 12A made of a plurality of 
15 keys, and sound input part 12B, e.g. a microphone, formed on the top 
face thereof. On the other hand, rotary case 8 is fixed to movable 
housing 13 that has display 13A, e.g. liquid crystal display (LCD), and 
sound output part 13B, e.g. a speaker, formed on the surface thereof. 
Thus produced is portable telephone 60 in which opening and closing 
20 device 10 journals movable housing 13 so that the movable housing 
can be opened and closed with respect to fix housing 12. 

In this opening and closing device 10, while the tip of each rotor 
cam 4 is in resilient contact with tilting portion 2B on the lower side of 
each stator cam 2 as shown in Fig. 7, rotor 3 is urged in the closing 
25 direction corresponding to the downward direction in the drawing by 
substantially contracted spring 6. As a result, movable housing 13 
fixed to rotary case 8 is held in the closing state with respect to fix 
housing 12. 
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When movable housing 13 is opened by hands in this closing 
state, rotor 3 rotates via rotary case 8 fixed to movable housing 13 to 
further contract spring 6. The tip of rotor cam 4 moves from tilting 
portion 2B of stator cam 2 through projecting top portion 2A, slides 
5 upwardly, and comes into resilient contact with upper tilting portion 
2C. Thus, rotor 3 is urged to the opening direction corresponding to 
the upward direction in the drawing to open movable housing 13. 

In other words, rotation of rotary case 8 fixed to movable 
housing 13 rotates rotor 3 and the tip of rotor cam 4 passes through 

10 projecting top portion 2A of stator cam 2. When the tip of rotor cam 4 
passes through projecting top portion 2A, spring 6 is most contracted 
and urges rotor 3 strongly. The tip of rotor cam 4 moves to either of 
tilting portions 2B and 2C, passing through projecting top portion 2A 
as the boundary while being urged by spring 6. Thus, the operation 

15 of opening and closing movable housing 13 with respect to fix housing 
12 is performed. 

As described above, for the comparative opening and closing 
device, if the load of spring 6 is increased, for example, to securely 
hold the opening or closing state of movable housing 13 even with 
20 slight shocks applied thereto, the load imposed when the tip of rotor 
cam 4 passes through projecting top portion 2A of stator cam 2 will 
also increase, accordingly. This poses a problem of increasing the 
operating load of the entire device. 

25 Exemplary Embodiment 

An exemplary embodiment of the present invention is described 
hereinafter with reference to Figs. 1 through 6. 

In the description, same components used in the comparative 
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opening and closing device are denoted with the same reference marks 
for simplifying explanation. In the sectional views of these drawings, 
the radial direction is enlarged to facilitate understanding of the 
relation between a stator cam and rotor cam. 
5 Figs. 1 and 2 show an opening and closing device in accordance 

with an exemplary embodiment of the present invention. 
Provided along the outer periphery of the right side face of 
substantially hollow cylindrical stator 21 made of steel, cupper alloys, 
or the like are a plurality of stator cams 22 symmetrical with respect 

10 to central axis 100. Each stator cam has projecting portions and flat 
portions 22D. The projecting portion have projecting top portion 22A, 
first tilting portion 22B and second tilting portion 22C extending 
laterally from projecting top portion 22A. 

Additionally, inclined planes 22E and 22F, which will be 

15 described later, are provided in specific positions on tilting portion 22B 
and flat portion 22D of each stator cam 22 on the side wall of inner 
periphery thereof to be in resilient contact with corresponding rotor 
cam 24 during opening or closing the device. 

Substantially hollow cylindrical rotor 23 made of metal is 

20 disposed rotatably in the opening and closing directions with respect 
to stator 21. Rotor 23 has a plurality of rotor cams 24 symmetrical 
with respect to central axis 100 along the outer periphery of the left 
side face thereof opposed to stator cams 22. Inclined plane 24A is 
formed on the side wall of outer peripheral of tip 25 of each rotor cam 

25 24. Now, the opening and closing directions refer to either of 
clockwise direction and counter-clockwise direction around axis 100. 

Between rotor 23 and substantially disk-shaped cover 5, 
coil-shaped spring 6 is installed in a substantially contracted state. 
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Spring 6 brings tips 25 into resilient contact with tilting portions 22B 
of stator cams 22. 

. Stator 21 is fixed to the left end of substantially columnar fix 
shaft 7. On the other hand, the right end of the fix shaft is engaged 
5 with cover 5, with the fix shaft passing through the hollow part of 
rotor 23 and spring 6. 

Further, fixed part 21A of stator 21 rotatably projects from hole 
8A at the left end of substantially hollow tubular rotary case 8. Into 
grooves 8B formed along the inner periphery of rotary case 8, 
10 protrusions 23A on rotor 23 are inserted. Thus, rotor 23 is 
accommodated in rotary case 8 to be movable parallel to axis 100. 
Grooves 8B are formed from the inner periphery toward the outer 
periphery of rotary case 8. With reference to Fig. 2, the grooves are 
formed in the inner surfaces of the portions protruding from the outer 
15 periphery of the rotary case. 

At last, cover 5 covers an opening at the right end of rotary case 
8. Stator 21, rotor 23, spring 6 and other components are 
accommodated in rotary case 8. Thus, opening and closing device 30 
is structured. 

20 An example of so structured opening and closing device 30 for 

use in portable telephone 60 is shown in Fig. 6. Fixed part 21A of 
opening and closing device 30 is fixed to fix housing 12 that has 
operating part 12A made of a plurality of keys, and sound input part 
12B, e.g. a microphone, formed on the top face thereof. On the other 

25 hand, rotary case 8 is fixed to movable housing 13 that has display 
13A, e.g. LCD, and sound output part 13B, e.g. a speaker, formed on 
the surface thereof. Thus produced is portable telephone 60 in which 
opening and closing device 30 journals movable housing 13 so that the 
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movable housing can be opened and closed with respect to fix housing 
12. 

Next, descriptions are provided of an opening and closing device 
as structured above and the opening and closing operations of 
5 electronic equipment using the opening and closing device, with 
reference to Figs. 1, 2, 3A through 3C, and 4A through 4C. 

In fact, stator cams 22 and rotor cams 24 are structures 
provided along the outer peripheries of substantially hollow cylinders 
and thus have three-dimensional shapes. However, to facilitate 

10 understanding of the operation of each component and the relation of 
the relative position between the respective components, Figs. 3A 
through 3C and 4A through 4C show schematic views in which parts of 
the cams are expanded in a plane. 

First, while tip 25 of each rotor cam 24 is in resilient contact 

15 with tilting portion 22B of each stator cam 2 as shown in Fig. 1, rotor 
23 is urged in the closing direction corresponding to the downward 
direction by spring 6. As a result, movable housing 13 fixed to rotary 
case 8 is held in the closing state with respect to fix housing 12. Fig. 
3A schematically illustrates this state. 

20 Further, in this closing state, inclined plane 24A formed on the 

outer peripheral side of tip 25 of rotor cam 24 is in resilient contact 
with inclined plane 22E formed on the inner peripheral side of tilting 
portion 22B of stator cam 22, as shown in Fig. 4A. For this reason, 
the distributed load of spring 6 urging rotor, cam 24 is imposed on both 

25 inclined planes in resilient contact with each other. Thus, friction 
between inclined planes 24A and 22E increases. As a result, the 
device is structured so that the closing state can securely be held even 
when shocks smaller than a certain magnitude are applied to movable 
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housing 13. 

When movable housing 13 is opened by hands in this closing 
state, rotor 23 rotates upwardly via rotary case 8 fixed to movable 
housing 13. The tip of rotor cam 24 moves on tilting portion 22B of 
5 stator cam 22 toward projecting top portion 22A in resilient contact 
therewith. 

As shown in Figs. 3B and 4B, no inclined plane 22E is provided 
in the vicinity of projecting top portion 22A and on tilting portion 22C 
of stator cam 22. For this reason, the flat surface of the tip on the 

10 inner peripheral side of rotor cam 24 slides on the flat surface of stator 
cam 22. Although spring 6 largely contracts, the distributed load of 
rotor cam 24 is not exerted on stator cam 22, and tip 25 of rotor cam 
24 moves with relatively small friction. 

Then, tip 25 of rotor cam 24 passes through projecting top 

15 portion 22A of stator cam 22, moves the upward direction in Fig. 1, 
and comes into resilient contact with tilting portion 22C. At this time, 
rotor 23 is urged to the opening direction corresponding to the upward 
direction by spring 6 to open movable housing 13. 

When tip 25 of rotor cam 24 further moves on tilting portion 

20 22C as shown in Figs. 3C and 4C, the tip comes into resilient contact 
with flat portion 22D of stator cam 22. Because inclined plane 22F 
similar to inclined plane 22B is provided on the inner peripheral side 
of flat portion 22D, inclined plane 24A formed at the tip of rotor cam 
24 comes into resilient contact with inclined plane 22F face to face. 

25 As a result, distributed load of spring 6 is generated and increases the 
friction between inclined planes 24A and 22F. This securely holds the 
closing sate. 

When tip 25 of rotor cam 24 is in resilient contact with flat 
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portion 22D of stator cam 22, fix housing 13 is generally opened at an 
angle of at least 90°. In this state, display 13A can be seen. Distance 
of contact between inclined planes 24A and 22F is dependent on the 
length of inclined planes 22F. And the contact distance is in 
5 correspondence with certain angle between fix housing 12 and movable 
housing 13 when they are in open condition. By moving movable 
housing 13 in either of the opening and closing direction to change the 
position in which tip 25 of rotor cam 24 is in resilient contact with flat 
portion 22D, display 13A can be adjusted and held at an angle so as to 

10 be seen easily. For example, a user of a cell phone equipped with the 
opening and closing device of this embodiment can stably change the 
opening angle from 100° to 150° so that he can obtain the most 
preferable viewing angle. 

In other words, when movable housing 13 is opened or closed, 

15 rotary case 8 fixed to movable housing 13 rotates and tip 25 of rotor 
cam 24 moves in resilient contact with tilting portion 22B or 22C of 
stator cam 22. At that time, when tip 25 is in resilient contact with 
tilting portion 22B or flat portion 22D, inclined plane 24A is in 
resilient contact with inclined plane 22E or 22F face to face. This 

20 increases friction force and stably holds the opening or closing state. 
On the other hand, when tip 25 is in a position near projecting top 
portion 22A of stator cam 22, these cams are not in resilient contact 
with each other face to face. This decreases friction; thus, a nimble 
opening or closing operation can be performed with relatively small 

25 load. 

As described above, in this embodiment, providing inclined 
planes 24A, 22F, and 22E can increase load only in specific positions 
without an increase in the load of spring 6. This structure can 
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provide an opening and closing device capable of securely hold desired 
positions without affecting the feel of opening and closing operation of 
the entire device and electronic equipment using the device. 

Contrary to the above description, an inclined plane can be 
5 formed only on projecting top portion 22A of each stator cam 22 to 
increase the load imposed only when rotor cam 24 moves from the 
opening state to the closing state or vice versa in resilient contact with 
the inclined plane. In this case, positive click-feeling is given in the 
opening and closing operation. In this manner, the load during 

10 opening and closing operation in given positions can be adjusted. 

Further, as inclined planes 24B and 24C in Fig. 5 show an 
example, a plurality of inclined planes of different angles can be 
formed at the tips of rotor cams 24 and a plurality of inclined planes of 
different angles can be formed in specific positions of stator cams 22. 

15 This structure brings rotor cams 24 into resilient contact with stator 
cams 22 in the inclined planes of different angles in an opening or 
closing state, or during an opening or closing operation. This can 
change the component of force and friction force generated at that 
time, thus realizing an opening and closing device providing various 

20 feels of operation during opening and closing operations. 

The above embodiment shows the opening and closing device which 
has the stator cam having a flat portion and a projecting portion both 
of which are formed on a side of the stator. The projecting portion has 
a projecting top portion, a first tilting portion and a second tilting 

25 portion, and the first tilting portion and the second tilting portion 
extend from the projecting top portion. At least one of the first tilting 
portion without involving the projecting top portion and the flat 
portion has the first inclined plane, and the flat portion is connected to 
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the second tilting portion. In the device of the embodiment the 
inclined plane of the stator cam faces to an inclined plane formed at 
the tips of rotor cams. 
Another embodiment shows the opening and closing device which has 
5 the rotor cam having a flat portion and a projecting portion both of 
which are formed on a side of the stator. The projecting portion has a 
projecting top portion, a third tilting portion and a fourth tilting 
portion, and the third tilting portion and the fourth tilting portion 
extend from the projecting top portion. At least one of the third tilting 
10 portion without involving the projecting top portion and the flat 
portion has a first inclined plane, and the flat portion is connected to 
the fourth tilting portion. In the device of the another embodiment the 
inclined plane of the rotor cam faces to an inclined plane formed at the 
tips of stator cams. 

15 The present invention can apply to devices other than an 

opening and closing device in which rotary case 8 fixed to movable 
housing 13 is rotated by opening and closing the movable housing with 
hands. For example, the present invention can be implemented by a 
so-called one-push open structure. For this structure, other 

20 components, e.g. a push button and reverse-cam for reversing the 
position in which rotor cam 24 is in resilient contact with stator cam 
22, are provided and movable housing 13 is opened by depressing the 
push button in the closing state in addition to opening and closing 
operation by hands. 

25 As described above, the present invention provides the following 

advantages- realizing an opening and closing device capable of 
securely holding only desired positions without affecting the feel of 
opening and closing operation, and electronic equipment using the 
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device. 

It will be obvious to those skilled in the art that various 
changes may be made in the above-described embodiments of the 
present invention. However, the scope of the present invention 
should be determined by the following claims. 



